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The  Dietetio  Value  of  Salep 


Salep  belongs  to  a  large  class  of  substances  yielding  vegetable  gum§ 
to  which  the  name  hemioellulose  is  given.  Other  souroes  of  these  gums 
are  Iceland  M03S,  Irish  moss,  slippery  eitom,  and  the  Hawaiian  and  Japanese 
edible  seaweeds.  Agar  agar  and  the  so-called  “vegetable  gelatin”  are 
well  known  forms. 

These  carbohydrates  are  distinguished  from  cellulose  by  being 
oapable  of  hydrolysis  on  boiling  with  dilute  mineral  aoids,  and  from  other 
polysaooharide  oarbohydrates  by  not  being  readily  digested  by  diastase. 

There  seems  to  be  a  special  value  attached  to  these  mucilages  in 
the  popular  mind.  The  prevailing  impression  is  shown  in  some  of  the 
following  remarkable  statements.  The  United  States  Dispensatory,  1909, 
not  only  says  that  the  muoilaginous  extraot  of  slippery  elm  bark  (Ulmus 
fulva,  IJichaux)  is  nutritious,  but  adds,  "We  are  told  that  it  has  proved 
sufficient  for  the  support  of  life  in  the  absence  of  other  food?  Of 
salep,  Smith  (27)  says,  in  his  dictionary  of  eoonomio  plants:  “It  contains 
a  cheraioal  substanoe  called  bassorin  whioh  is  said  to  oontain  more  nutri¬ 
tious  matter  than  any  other  vegetable  produot,  one  ounce  per  4ian)  being 
suff ioient  to  sustain  a  man“J  The  United  States  Dispensatory  also  assures 
us  that  salep  is  “highly  nutritious?  Johnson  (17)  particularly  reoommends 
Iceland  moss  ( Cetraria  islandioa)  as  a  diet  for  consumptives,  as  “it  seems 

to  be  both  extremely  nutritious  and  very  easy  of  digestion,  though  of 

c\ 

oourse  only  oapable  of  use  as  a  substitute  for  starohy  matters?  In  regard 
to  Irish  moss  (  Chrondus  orispus),  he  is  a  little  more  uncertain,  saying, 

“It  is  rauoh  used  for  invalids,  especially  in  oases  of  consumpt ion,  but 
with  doubtful  advantage  when  substituted  for  more  nutrititious  food? 
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Schneider  (25)  says  of  Iceland  moss:  “Inhabitants  of  Iceland,  Norway,  and 
Sweden  mixed  this  liohen  with  various  oereals  and  mashed  potatoes,  from 
which  an  uncommonly  healthful  bread  was  prepared*.1  After  a  few  metab¬ 
olism  experiments,  Oshima  (20)  remarks,  concerning  the  algae  of  Japan: 
“Their  actual  value  doubtless  depends  in  considerable  measure  upon  the 
mineral  3alts  they  contain# 


Historical 

It  was  in  view  of  the  scaroity  of  scientific  investigation  as  to 
the  behavior  in  the  animal  body  of  this  large  class  of  substances  and  of 
their  wide  distribution  and  use  that  Mi3S  Mary  Davies  Swartz  undertook 
their  investigation  at  the  laboratory  of  physiologioal  ohemistry  of  the 
Sheffield  Soientifio  School  of  Yale  University  in  1908.  An  acoount  of 
her  work  is  published  in  the  Transactions  of  the  Connecticut  Aoadeny  of 
Arts  and  Soiences,vol.l6 ,  pp.  247-382,  1911,  under  the  title,  “Nutrition 
Investigations  on  the  Carbohydrates  of  Lichens,  Algae,  and  Related  Sub- 
stanoestf  This  article  contains  a  detailed  review  of  the  literature  and 
the  work  done  up  to  that  time,  and,  as  little  has  been  done  since,  most 
of  such  material  herein  given  is  taken  from  that  paper.. 

Commercial  salep  is  obtained  from  the  tubers  of  oertain  speoies  of 
Orohis  and  Eulophia,  native  to  Turkey,  the  Caucasus,  Asia  Minor,  and  the 
greater  part  of  Central  and  Southern  Europe.  The  small  ovoid,  oblong, 
or  palmate  tubers  are  deooroitated,  washed,  heated  until  horny  and  semi¬ 
transparent,  and  finally  dried.  An  abundant  mucilaginous  extraot  is 
obtained  by  maoerating  the  bulbs  in  water.  Frequently  the  bulbs  are 
ground  to  powder,  and  the  powder  used  like  sago  or  tapioca.  Royal  salep 
said  to  be  used  as  food  in  Afghanistan  is  prepared  from  Allium  Macleanii. 
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A  former  instructor  in  the  American  College  for  Girls  in  Constanti¬ 
nople  reports  that  salep  is  a  very  oommon  article  of  diet  in  Turkey.  It 
is  sold  in  the  markets  in  powdered  form,  and  is  made  into  a  sort  of  sweet¬ 
ened  gruel  with  milk.  Not  only  i3  it  used  as  a  warm  drink  in  the  house¬ 
hold,  ranch  as  we  use  oocoa  or  ohooolate,  but  it  is  also  sold  in  the  street 
by  venders,  who  either  stand  in  booths  along  the  way,  or  go  about  oarrying 
huge  brass  urns  strapped  to  their  shoulders,  olinking  their  oups  and  call¬ 
ing  wTaze-SahlepJw  (Fresh  Salep).  It  is  especially  popular  in  districts 
of  the  city  where  people  work  late  at  night.  It  is  no  uncommon  thing 
to  see  the  workman  standing  with  his  salep  oup  in  hand,  waiting  for  the 
firing  of  the  sunset  cannon. 

The  tubers  are  rich  in  mannan,  easily  hydrolyzed  by  dilute  acids, 
yielding  the  hexose ,  mannose,  but  not  hydrolyzed  by  diastatio  enzymes. 

The  mucilaginous  material  obtained  on  extraction  with  water  was  first 
studied  by  C. Schmidt  (34)  in  1844,  and  oalled  by  him  "salep-bassorinP 
On  hydrolysis  with  dilute  sulphuric  acid,  he  obtained,  besides  some  gumny 
substanoe  and  oellulose,  a  ferment ablejsugar  whioh  he  thought  to  be  dex¬ 
trose.  Mulder  (19)  considered  the  salep  rauoilage  a  mixture  of  staroh  ad 
gum  or  pectin  aoids,  whilejFranok  (14)  thought  it  a  modification  of  cellu¬ 
lose,  and  Girand  (15)  a  transformation  of  a  starchy  substanoe  into  a  var¬ 
iety  of  dextrin  swelling  in  water.  Pohl  (21)  by  preoipitation  with  min¬ 
eral  salts,  distinguished  an  w0(-Schleimw  and  a  "iJ-Sohleiral1  According  to 
Tham  (28),  who  has  made  the  most  reoent  investigations,  "tf-Sohleim** 


does  not  occur  in  German  salep.  Tollens 


showed  that  on  hydroly¬ 


sis,  besides  dextrose,  mannose,  or  as  they  oalled  it,  wisomanitoseJ  was 
formed,  but  this  was  shown  by  Fischer  and  Hirsohberger  (13)  to  be  identi 
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oal  with  d-mannose.  ThamK(28)  and  Hilger  (16)  have  shown  conclusively 
that  the  starch-free  water  extract  oontains  an  anhydride  of  mannose  only* 

Baoteria,  enzymes,  and  molds  oapahle  of  converting  mannan  into 
mannose  are  known  to  Axist  in  the  vegetable  kingdom,  notably  in  the  date 
embryo,  oarob  seeds,  and  the  seeds  of  certain  legumes,  at  least  at  the 
tine  of  germination.  There  are  a  few  instances  on  record  of  mannanases 
in  lovsrer  animals. 

Previous  to  the  experiments  at  Yale,  referred  to  above,  there  were 
few  records  of  feeding  experiments  with  mannan*  An  experiment  by  Hauber 
on  a  dog,  was  reported  by  Voit  (30)  in  1874.  Three  hundred  ninety  grams 
of  dry  salep  powder  was  fed  to  a  medium  sized  dog  in  eight  days.  It  was 
a  crude  experiment,  but  calculations  showed  that  at  least  50  per  cent  of 
the  salep  was  absorbed.  In  1879,  Weiske  (31)  oompared  oarob  beans 
(Ceratonia  siliqua)  with  other  food  for  sheep,  and  as  a  result  of  his 
experiments,  pronounced  °Johannis-brodM  (oarob  beans)  a  digestible  and 
aooeptable  sheep-food.  In  1890,  Shuster  and  Liebscher  (26)  having  found 
that  the  sawdust  of  the  ivory  nut  ( Phytelepas  maorooarpa)  had  a  favorable 
effect  on  cattle,  tried  feeding  it  to  sheep,  and  reported  it  satisfactory 
From  these  experiments,  mannan  would  seem  to  be  well  utilized  by  herbiv- 
ora.  The  only  experimental  data  regarding  the  nutritive  value  of  mannan 
to  man  are  cited  by  Oshima  (20)  from  work  by  Kano  and  Iishima  (18),  who 
found  the  coefficient  of  digestibility  of  konjaku  82  per  oent  (prepared 
from  Conophallus  konjaku). 

It  remained  to  be  determined  whether  mannan  oan  be  hydrolyzed 
within  the  organism,  and  if  so,  whether  the  mannose  produced  can  be  re¬ 
tained  and  form  glycogen.  From  the  literature  on  the  subjeot ,  it 
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appears  that  mannose  is  well  utilized  by  rabbits,  dogs,  and  men.  That 
mannose  can  act  as  a  glycogen  former  in  rabbits  has  been  demonstrated  by 

Cremer  (12)  and  also  by  Rosenfeld  (22).  There  is  good  reason  for  assum- 

A/ 

in g,  therefore,  that  if  mannan  can  be  converted  into  mannose  in  the  process 
of  digestion,  it  may  be  considered  as  a  true  nutrient  for  the  organism, 
the  mnnose  being  to  a  high  degree  capable  of  absorption  and  conversion 
into  glycogen. 

The  rrranan  from  salep  was  inoluded  among  the  hemicelluloses  inves¬ 
tigated  by  Swartz  (10),  and  the  results  obtained  are  here  summarized. 

It  was  found  unattached  by  the  enzymes  of  saliva,  malt  diastase, 
pancreatic  extract,  wA  pancreatic  Juice,  and  intestinal  Juice.  "Taka'* 
diastase  affected  it  in  three  days.  Gastric  extract  was  effective,  but 
as  it  was  hydrolyzed  similarly  by  0,2  per  cent  hydrochloric  acid,  the 
enzyme  cannot  be  held  responsible  for  the  action. 

In  experiments  with  bacteria,  inoubation  for  three  days  gave  neg¬ 
ative  results,  and  apparently  all  the  material  was  recovered  unaltered, 
except  in  certain  instances  where  the  salep  underwent  an  insoluble  mod¬ 
ification.  In  trials  where  the  oultures  were  allowed  to  grow  one  to  three 
weeks,  no  difference  oould  be  detected.  Marked  evidences  of  change 
were  observed  in  some  of  the  four-week  cultures.  Sawamura  (23)  thought 
that  he  observed  a  slight  hydrolysis  of  mannan  by  B.  Prodigiosus,  an 
observation  not  verified  in  these  experiments.  No  reducing  substance  was 
detected  in  the  three-day  oultures  or  the  four-week  cultures  in  which 
this  organism  was  present.  The  opaque  Jelly,  insoluble  in  water,  formed 
from  salep  by  the  action  of  B,  Coli  communis,  B,  Prodigiosls,  and  mixed 
oultures  containing  these  organisms,  resembled  an  intermediary  product 
of  the  acid  hydrolysis  of  salep-mannan  described  by  Thanm  (28). 
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It  seems  reasonable  to  inquire  whether  this  insoluble  material  produoed 
by  bacterial  aotion  may  not  be  regarded  as  an  early  stage  in  the  hydroly¬ 
sis  of  the  oarbohydrate ,  especially  in  view  of  the  fact  that  in  all  other 
fiur-week  trials  a  very  definite  reduction  of  Fehling’s  solution  was  noted, 
corresponding  in  strength  with  the  loss  of  unaltered  oarbohydrate,  as 
shown  by  the  following  summary: 
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From  Swart  z^  page  S31. 


These  experiments  give  some  grounds  for  expecting  the  hydrolysis 
of  salep  in  the  alimentary  tract  through  the  action  nf  bacteria.* 

Suboutaneous  and  intraperitoneal  inject  io$^we  re  made  with  dogs. 
After  these,  the  hemioellulose  was  excreted  through  the  kidneys,  and  re¬ 
covered  unaltered  in  the  urine.  The  oarbohydrate  of  salep  was  complete¬ 
ly  eliminated  in  one  to  three  days. 

Feeding  experiments  showed  that  those  hemicelluloses  most  readily 
attacked  by  bacteria  disappear  most  completely  from  the  alimentary  tract. 
Seven  experiments  were  made.  In  four,  the  oonmeroial  salep  powder  (con¬ 
taining  19  per  oent  mannan  and  26  per  oent  starch)  was  administered;  in 
the  others,  pure  salep-mannan  prepared  from  orchis  tubers.  The  results 
are  tabulated  by  Swartz  on  pages  354  to  356,  from  which  Table  1  is  com¬ 
piled.  These  results  show  that  in  every  case,  except  that  in  whioh  a 
dog  received  in  one  day  ten  grams  of  pure  mannan,  the  greater  portion  of 
the  salep  fed  was  digested,  the  coefficient  of  digestibility  of  salep  pow¬ 
der  for  dogs  averaging  85  per  cent,  and  for  man  97  per  cent;  while  that  of 
pure  mannan  for  nan  was  100  per  cent,  in  spite  of  the  fact  that  it  is  not 
attacked  by  digestive  enzymes] 

Swartz  says:  “It  is  manifestly  possible  for  fecal  and  soil  bacteria 
to  produce  sugar  from  mannan  (Cf.  Sawamura  (23);  hence  it  is  not  unlikely 
that  hemicelluloses  of  this  group  are  inverted  in  the  intestine  through 
the  activity  of  micro-organisms,  and  that  the  sugar  so  fproddoed  is  ab¬ 
sorbed  and  becomes  a  true  source  of  energy  for  man,  in  spite  of  the  re¬ 
sistance  of  mannan  to  the  action  of  digestive  enzymes.  Further  investi¬ 
gations  to  determine  its  exact  nutritive  value  seem  highly  desirable? 

In  conclusion,  “In  considering  the  proper  place  in  the  dietary  for  marine 
algae,  lichens,  and  similar  substances,  we  must  not  disregard  the  possi¬ 
bility  of  their  having  a  valuable  function  entirely  asi^d  from  the  ques¬ 
tion  of  energy  production.  As  Oshima  (20)  points  out,  they  may  be  val¬ 
uable  for  their  inorganic  salts.  The  non- irritating,  laxative  properties 
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of  many  species  make  them  desirable  adjuncts  to  the  diet  of  persons  with 
a  tendenoy  to  constipation;  and  even  if  they  disappear  in  a  marked  degree 
from  the  alimentary  tract  during  the  process  of  digestion,  they  may  per¬ 
haps  still  play  an  important  role  as  stimulants  of  intestinal  activity, 
being  in  fact  what  Prausnitz,  (5 )  calls  •feoes-forming  foods.’  An  illus¬ 
tration  of  this  effect  is  afforded  by  the  experiments  in  whioh  salep  pow¬ 
der  was  fed  to  dogs  (Cf.  pp.  352-3).  The  periods  were  equal  in  length 
and  in  one  case  the  utilization  of  oarbohydrates  was  equally  good  for  all 
three;  yet  in  the  mid-period  there  is  a  decided  increase  in  the  bulk  and 
weight  of  the  feces  (see  table,  p.  254,  experiments  liand  2),  not  more  than 
one  gram  of  whioh  is  by  any  possibility  attributable  to  the  cellulose  of 
the  salep  powder,  and  in  the  other  experiment,  the  increased  amount  of 
feoes  cannot  be  wholly  accounted  for  by  the  amount  of  undigested  toarbo- 
hydrate  present?  o 

Simon  (9)  has  reoently  found  good  utilization  and  glycogen  forma¬ 
tion  in  dogs  from  yeast  gum  whioh  seems  to  be  largely  dextro-mannan. 


EXPERIMENTAL  PART 

This  experiment  was  undertaken  for  the  purpose  of  supplementing 
the  work  done  by  Swartz  on  salep.  It  was  planned  to  test  the  digesti¬ 
bility  of  salep  by  the  human  organism  when  it  was  taken^larger  quantities 
than  had  hitherto  been  used,  determining  the  aotual  amount  passing  through 
the  body  unused  by  an  analysis  of  the  feees.  It  was  further  proposed  to 
oompare  its  protein- sparing  power  with  that  of  other  oarbohydrates  by  the 
determination  of  the  urinary  nitrogen  and  the  nitrogen  balance,  when  a 
portion  of  these  oarbohydrates  was  replaoed  quantitatively  by  salep. 

The  subjects  were  two  healthy  young  women,  tin  a  huitoiv  an4  a 
weighing  70  kilograms  eaoh,  doing  regular  oollege  work,  including  several 
hours  a  day  in  the  laboratory.  A  previous  feeding  experiment  had  shown 
good  utilization  of  carbohydrate1^  by  both  persons. 

It  was  decided  to  have  a  r ore-period  of  4  days,  during  whioh  a 
basal  ration  was  to  be  used,  a  mid-period  of  4  days  (subsequently  reduoed 
to  3)  during  whioh  a  portion  of  the  carbohydrate  of  the  basal  ration  was 
to  be  replaoed  by  the  salep  under  investigation,  followed  by  an  after-per¬ 
iod  like  the  fore-period. 

A  basal  ration  was  seleoted  ,  as  nearly  cellulose-free  as  possible. 
This  was  done  in  order  that  the  utilization  of  the  salep  might  not  be 
interfered  with  by  indigestible  substances  in  the  alimentary  tract,  and 
that  the  nitrogen-free  extraot  in  the  feoes  might  be  reduoed  to  a  minimum. 
Atwater  and  Bryant  (11)  give  the  coefficient  of  digestibility  of  the  car¬ 
bohydrate  of  suoh  a  diet  as  98  per  oent.  A  portion  of  the  carbohydrate 
was  supplied  by  tapiooa,  whioh  is  almost  pure  staroh.  The  grape  Juioe 
was  added  for  its  mineral  constituents  and  its  palatAbility .  Table  8 
shows  the  basal  ration  as  used,  supplying  approximately  2500  oalories. 

“Sheffield  Farms"  milk  was  used,  obtained  daily  in  quart  bottles. 
Each  morn^f  the  milk  was  thoroughly  mixed  and  weighed  out  for  each  per¬ 
son  for  the  day,  a  portion  being  taken  from  eaoh  day’s  supply  to  form  a 
composite  sample  for  analysis.  This  sanple,  preserved  with  formaldehyde, 
was  kept  in  the  refrigerator , the  one  in  the  laboratory being  of  the  Bohn 
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Siphon  type  >/v maintaining  a  temperature  near  or  frequently  below  the 
freezing  point.. 

The  butter  for  each  person  eaoh  day  was  weighed  out  and  wrapped 
separately  at  the  beginning  of  the  experiment. 

The  sugar  was  weighed  out  as  used. 

The  tapiooa  was  Durkee's  “Sago  Tapiooa?  It  was  weighed  air  dry, 
and  cooked  each  day,  A  portion  from  eaoh  box  was  saved,  forming  a  com¬ 
posite  sample  for  analysis. 

The  meat  was  lean  round-steak.  All  the  fat  and  connective  tissue 
possible  having  been  removed,  it  was  ground.  Portions  for  each  person 
eaoh  day  were  weighed  out  and  wrapped  separately,  that  for  the  latter  part 
of  the  time  being  preserved  by  freezing,  and  a  sample  saved  for  analysis. 

The  orackers  were  National  Bisouit  Company's  “Uneeda  Biscuit y  the 
amounV^xor  eaoh  day  being  weighed  out  each  morning,  and  a  portion  from 
eaoh  box  reserved  for  a  composite  sample  for  analysis. 

Welch's  Grape  Juioe  was  used,  and  the  volume  corresponding  to  the 
required  weight  having  been  determined,  it  was  measured  out  eaoh  day  in 
a  graduated  oylinder. 

The  meals  were  regular  and  uniform. 

Breakfast,  about  8:30,  consisted  of  orackers  and  butter,  milk, 
and  sometimes  sugar. 

Lunoh,  about  1,  consisted  of  orackers  and  butter,  tapioca,  sugar, 
milk,  and  grape  ^uioe. 

Dinner,  about  6:30,  consisted  of  meat,  oooked  in  a  very  little 
butter,  and  the  rest  of  the  orackers,  butter,  tapioca,  sugar,  milk,  and 
grape  Juice. 

Dinring  the  mid-period,  salep  replaced  a  portion  of  the  tapiooa. 

The  purified  salep-mannan  was  prepared  from  the  tubers.  They  were 
soaked  24  hours  in  water,  washed  thoroughly,  and  ground  in  a  meat  chop¬ 
per.  Water  vs&e  added  in  large  volume,  the  mass  allowed  to  stand  over 
night,  and  then  the  dissolved  mannan  filtered  off  through  oheese  doth. 

As  this  was  found  to  oontain  some  starch,  it  was  digested  with  filtered 
saliva  (or  raalt  diastase)  until  free  from  starch,  and  then  poured  into 
three  times  its  volume  of  95  per  oent  alcohol.  A  voluminous,  floeculent, 
and  somewhat  fibrous  precipitate  formed,  which  was  filtered  off,  washed  in 
alcohol  and  then  in  ether,  and  dried  in  a  vacuum  dessioator.  This 
darkens  in  drying,  but  if  redissolved  in  hot  water,  precipitated  in  aloo- 
hal,  then  transferred  to  absolute  aloohol  and  allowed  to  stand  several 
days  for  thorough  dehydration,  filtered,  washed  with  ether,  and  dried  in  a 
vaouum,  a  rather  ooarse  white  powder  is  obtained.  This  swells  up  read¬ 
ily  in  water,  but  dissolves  very  slowly  ter  a  semi-transparent  imoilagin- 
ous  solution.  The  salep-mannan  may  be  prepared  from  the  commercial 
salep  powder  in  the  same  way. 

Table  3  shows  the  amount  of  salep  used  and  the  dexttose  equivalent. 

Table  4  shows  the  slight  ohanges  in  protein  and  carbohydrate  during 
the  salep  period. 

It  was  intended  to  replaoe^aa  muoh  as  possible  of  the  tapioca  by 
salep,  and  the  amounts  of  salep^were  as  great  as  oould  be  ingested  by 
these  subjeota  without  such  distaste  as  to  imperil  the  oontinuance  of  the 
experiment.  ^  The  firs£  day  of  the  mid-period  the  commercial  salep  powder 
was  used,  oooked  with  milk  into  a  kind  of  pudding,  but  it  was  not  satis¬ 
factory.  It  had  a  rather  unpleasant  odor  and  taste,  and  was  slightly 
nauseating.  It  was  very  gummy  in  the  mouth  and  somewhat  gritty,  giving 
a  deoidedly  unpleasant  sensation.  The  second  day,  the  thoroughly  purified 
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substanoe  ( starch-free )  was  used.  This  was  oooked  In  water,  and  though 
still  exceedingly  sticky,  proved  much  more  palatable  than  that  of  the  pre¬ 
vious  day.  The  third  4iay,  a  purified  material,  though  not  entirely  staidi- 
free,  was  used.  It  was  given  in  the  form  of  a  thiok  gruel,  flavored  with 
grape  juioe,  and  was  rauoh  easier  to  take  in  that  way.  However,  owing  to 
its  very  great  thiokening  power  and  consequent  volume,  it  was  not  possible 
to  ingest  so  large  an  amount. 

The  urine  was  collected  for  eaoh  day  separately,  beginning  at  8 
a.zru,  and  was  preserved  under  toluol. 

The  feoea  were  oolleoted  by  periods,  preserved  under  aloohol,  and 
dried  over  a  water  bath  as  soon  as  possible.  Lamp  black  was  ussd  for 
marking  off  the  feces  at  the  beginning  of  the  experiment,  but  because  of 
the  dark  colored  feoes  produced  by  the  grape  juioe,  the  other  periods 
were  marked  by  oarmine. 

Both  subjeots  remained  well  on  the  diet.  During  the  first  days 
there  was  slight  discomfort  due  probably  to  the  difference  between  this 
and  the  previous  diet,  this  one  being  less  bulky,  and  containing  praoti- 
oaliy  no  indigestible  residue. 

In  spite  of  the  small  bulk,  no  difficulty  was  experienced  with 
constipation.  There  was  but  one  day  with  one  subjeot  (the  third  day  of 
the  fore  period)  when  defeoation  did  not  take  plaoe.  The  increased  bulk 
of  the  feoes  during  the  salep  period  compared  with  that  of  the  fore-period 
was  noticeable,  as  well  as  a  slightly  gelatinous  oonsiatenoy. 


ANALYTICAL  METHODS 

Determinations  of  carbohydrate  were  made  on  the  salep  and  feoea. 

The  same  form  of  salep  that  had  been  used  in  the  diet  was  used  for 
analysis. 

The  dried  sarqples  of  feoes  for  each  period  were  ground  to  a  fine 
powder  and  thoroughly  mixed  and  saiqples  taken  from  this  for  analysis. 

For  the  determination  of  oarbohydrate  on  the  feoea,  samples  of 
about  5  grams  (accurately  weighed)  were  hydrolyzed  with  100  co.  of  2 
per  oent  hydrochloric  aoid,  boiling  for  2  hours  with  a  reflux  condenser:. 
Before  boiling,  about  4  grams  of  purified  animal  oharcoal  was  addsd  to 
each  fla3k,  preventing  gunminess,  and  aiding  materially  in  the  subsequent 
filtering.  After  oooling,  the  material  was  neutralized  with  20  per  cent 
potassium  hydroxide ,  and  made  up  to  250  co.  This  was  filtered,  and  the 
filtrate,  to  whioh  about  0.1  gram  of  salioylio  aoid  was  added,  was  kept 
in  the  refrigerator  until  used  a  day  or  two  later. 

The  oarbohydrate  was  determined  as  dextrose,  using  Allihn‘s  grav¬ 
imetric  method  (Sherman,  Organio  Analysis,  pp..  100-103).  The  ouprous 
oxide  wa3;  filtered  through  a  Gooch  oruoible,  ignited,,  and  weighed  as 
cupric  oxide. 

The  oarbohydrate  determinations  wwon  salep  were  made  in  the  same 
way,  the  original  samples  varying  from  0.9  to  2  grams. 

Determinations  of  nitrogen  were  made  on  food,  urine,,  and  feces. 
Separate  determinations  were  made  on  eaoh  of  the  foods  exoept  butter, 
the  nitrogen  of  whioh, imt  in  a  previous  experiment  in  this  laboratory, 
had  been  found  to  agree  olosely  with  the  value  here  used. 

The  Kjeldahl  method  (Hawk,  Praotioal  PhysiolGgioal  Chemistry, 
third  edition,  pp.  3  To  3  )  was  used,  a  small  piece  of  oopper  sul¬ 

phate  being  added  to  facilitate  the  oxidation  by  the  sulphuric  aoid,  and 
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about  5  gran®  of  potassium  sulphate  to  raise  the  boiling  point.  In  dis¬ 
tilling,  a  piece  of  i>araffin  the  size  of  a  small  pea,  and  a  piece  of  zino 
were  added  to  prevent  frothing  and  bumping.  Care  was  taken  to  have  the 
substanoes  cold  at  the  time  of  adding  the  saturated  sodium  hydroxide. 

Samples  v/ere  weighed  out  for  analysis  from  the  thoroughly  mixed 
oombined  daily  samples  of  milk,  tapioca,  and  crackers.  The  ground  meat 
was  dried  on  a  water  bath,  ground,  and  sampled.  In  the  oaee  of  urine 
and  grape  juice,  the  determinations  were  made  on  samples  of  5  co.  accurate¬ 
ly  measured  with  a  pipette. 

All  determinations  were  made  iin  duplicate,  and  mary  in  triplicate. 


DISCUSSION  AND  SUMARY 

Table  G  shows  the  amount  of  the  feces  by  periods  and  the  results 
of  the  analyses  of  these.  The  question  of  bulk  is  discussed  later 
under  Table  9. 

The  increased  excretion  of  carbohydrate  during  the  salep  period, 
estimated  as  dextrose,  is  seen  to  total  1.65  grams  for  subject  M,  and  2.8 
grans  for  subjeot  H,  giving  a  digestibility  for  salep  of  97.29  per  cent 
and  95.43:  per  oent  for  subjects  M  and  H  respectively.  The  per  oent  of 
aarbohydrate  exoreted  drops  in  the  after-period  to  a  point  slightly  high¬ 
er  than  that  of  the  fore-period  with  subjeot  M,  and  slightly  lower  than 
that  of  the  fore-period  with  subjeot  H,  who  showed  the  less  oomplete 
utilization  of  the  salep. 

The  feoal  nitrogen  increases  0.35758  grams  per  day  during  the 
salep  period  for  subject  M,  and  0.84255  grams  per  day  for  subject  H. 

The  per  cent  of  nitrogen  exoretion  by  way  of  the  intestine  with  subjeot 
M  drops  in  the  after-period  to  a  point  slightly  below  that  of  the  fore¬ 
period,  and  with  subjeot  H  to  a  point  slightly  above  that  of  the  fore- 
period.  The  digestibility  of  the  nitrogen  of  the  diet  is  seen  to  be 
about  95  per  cent  for  both  subjects  on  the  basal  ration,  and  92.26  per 
oent  for  subject  II,  and  88.92  per  oent  for  subjeot  H  during  the  salep 
period,  which  shows  good  utilization. 

Table  6  shows  that  the  digestibility  of  the  carbohydrate  of  the 
basal  ration  was  high,  99.84  per  cent  for  both  subjeots,  and  that  the 
digestibility  of  the  salep  was  approximately  2,5  per  oent  less  than  this 
with  subject  K,  and  4.4  per  oent  less  with  subjeot  H.  The  digestibility 
of  the  salep  thus  averages  about  96.4  per  oent,  or  3.5  per  oent  less  than 
the  digestibility  of  the  carbohydrate  of  the  basal  ration. 

Table  7  gives  the  volume  and  the  nitrogen  oontent  of  the  urine  by 
days  and  the  average  daily  excretion  of  urinary  nitrogen  by  periods. 

In  subject  M,  the  decreased  nitrogen  output  during  the  salep  period,  com¬ 
pared  with  that  of  the  two  days  just  preceding,  is  noticeable,  though  the 
averages  of  the  periods  are  exceedingly  dose.  Both  subjeots  show  a  de¬ 
creased  output  of  urinary  nitrogen  during  the  salep  period.  On  the  seo- 
ond  day  of  the  after-period  there  was  a  marked  inorease  in  the  nitrogen 
output  in  both  subjeots,  aooonpanied,  in  subjeot  M  by  a  conspicuous  de¬ 
crease  in  volume,  and  in  subjeot  H  by  a  slight  deorease  in  volume. 

What  the  disturbing  influence  was,  we  are  unable  to  say,  as  we  oan  find 
no  factor  nor  factors  oapable  of  causing  such  a  difference  on  this  day. 
The  figures  in  parenthesis  beneath  the  averages  for  this  period  were  ob¬ 
tained  by  taking  the  average  of  the  other  days  of  the  period,  and  though 
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still  aoirewhat  higher,  are  seen  to  he  nearer  the  average  output  for  the 
fore-period.  The  output  of  urinary  nitrogen  of  subject  H  is  seen  to  he 
lower  throughout  than  that  of  subjeot  M,  hut  variations  are  in  general  in 
the  same  direction  for  both  subjects.  The  unusually  large  volume  of  urine 
on  the  last  day  of  the  salep  period  is  probably  due  to  the  increased? intake 
of  water  on  that  day  incident  to  the  use  of  the  salep  in  semi-liquid  form. 

Table  8  gives  the  nitrogen  balanoe.  This  is  seen  to  be  positive 
throughout,  except  in  the  after-period  of  subject  M,  during  which  the  ab- 
nornsa.1  day,  above  noted,  occurred.  If  the  average  output  of  nitrogen  in 
the  urine  for  the  other  S  days  of  the  period  be  used  for  comparison,  the 
balance  for  this  period  will  be  seen  to  be  positive,  as  indicated  by  the 
figures  in  parenthesis.  This  table  also  shows  that  the  increased  output 
of  nitrogen. in  the  feces  of  the  salep  period  was  aooompanied  by  a  decreased 
output  cf  metabolized  nitrogen  in  the  urine. 

Table  9  shows  the  effeot  of  the  salep  diet  on  the  bulk  of  the  feoes, 
and  on  the  moisture  content.  In  the  moist  feoes,  the  increase  in  average 
weight  per  day  for  the  mid-period,  compared,  with  the  average  weight  per 
day  for  the  fore-  and  after-periods,  is  seen  to  be  67.98  per  cent  for  sub¬ 
ject  K,  and- 197.1  per  cent  for  subjeot  H.  With  the  air  dry  sanple  the 
increase  is  slightly  less,  45.63  per  cent  for  subject  li,  and  104.9  per  cent 
for  subject  H. 

The  moisture  content  of  the  feoes  increased  during  the  salep  period, 
but  not  to  a  great  extent,  4.09  per  cent  for  subjeot  M,  and  15.2  per  cent 
for  subject  H. 

Thus  this  experiment  seems  to  show  that  the  human  organism  is  able 
to  utilize  the  mannan  of  salep,  its  average  digestibility  being  96.4  per 
cent,  a  coefficient  only  slightly  less  than  the  98  per  cent  given  by  Atwatar 
and  Bryant  (11)  as  the  average  digestibility  of  carbohydrates  in  a  cellu¬ 
lose-free  diet.  Slight  hydrolysis  of  the  mannan  may  have  been  caused  by 
the  hydrochloric  aoid  of  the  gastric  juice,  but  it  is  known  that  cane  sugajtj 
much  more  easily  hydrolyzed  by  aoid  than  mannan,  is  not  changed  by  the  gas¬ 
tric  juice  to  any  great  extent.  In  view  of  the  experiments  by  Swartz  (12) 
showing  that  salep-mannan  is  not  attaoked  by  digestive  enzymes,  but  may  be 
hydrolyzed  by  some  of  the  bacteria  of  the  alimentary  tract,  the  most  plaus¬ 
ible  explanation  of  this  apparent  high  utilization  of  the  salep  seems  to  be 
that  sugar  was  thus  formed  and  was  available  to  the  body,  but  this  point 
needs  further  elucidation. 

This  indirect  evidenoe  as  to  the  utilization  of  salep,  furnished  by 
its  almost  conplete  disappearance  from  the  alimentary  traot ,  is  confirmed 
by  the  nitrogen  balance,  which,  with  the  single  exception  above  noted,  was 
positive.  The  fuel  value  of  the  diet  was  calculated  as  nearly  as  possible 
to  the  bodily  requirement,  and  the  reduction  of  the  number  of  calories  by 
the  amount  represented  by  the  tapiooa  withdrawn  would  be  expected  to  result 
in  an  increase  in  the  output  of  urinary  nitrogen,  had  this  reduction  not 
been  ccnpensated  for  by  the  salep  ingested.  The  urinary  nitrogen  excreted 
during  the  salep  period,  instead  of  increasing,  is  appreciably  less  with 
both  subjects  during  this  period  than  on  the  days  just  preceding.  Though 

this  reduction  in  urinary  nitrogen  is  aooocpanied  by  an  inorease  in  the 
feoal  nitrogen  during  the  salep  period,  it  would  seem  to  be  the  metabolized 
nitrogen  excreted  in  the  urine  that  is  to  be  considered  the  criterion  of 
availability.  Thus  McCollum  (1),  in  discussing  “Protein  Metabolism:  Growt 
and  Repair?  says:  “Knowing  the  amount  of  nitrogen  absorbed,  our  judgment 
concerning  its  value  for  replacing  the  endogenous  loss  should  be  based  en¬ 
tirely  on  ohanges  observed  in  the  urine,  viz.,  on  the  inorease,  if  any,  in 
the  total  nitrogen,  and  the  change  in  the  ratio  between  the  nitrogen  as 


uii.t  'io-  tx/ytx/  o  cr  l  leva  9dt  i©i£9:  t  ed  ot  nee  a  9~b  t  as 


Sa&wxfr'iH  ilita 


....  /  c  .  '  T 

>  ...  .c'.-.n-j  »>  utis  a.nitBtiisv  txxtf  «H  tcu.^cina  to  tjelt  xaiit  iueciai^idt  ioy/oX 
•tat  •tf.ikikusm  ed?  .etoetdwa  died  ir. 
er'.^tiivin:  ■.rica'2  ox.t  ot  eisb  yidadoiq  ai  boliaq  qeX«a  edt  to  yeb  deal  edt  rto 
.Anol  blapil-iwea  at  qelea  odt  to  eaxt  add  ot  taebloni  yal  tout  x  to 

evitiaoq  ed  ot  neea  si  aidT  ,9dnfiXjBd:  negoTtita  add  aevis  8  eldaT 
— cf e  odi  doidw  %ntwb  ,U  toefcdna  to  boi.1aq-1e.ttj3  edt  nJt  tqeoxe  t  tifodanoidt 
to  tnqtxxo  s^Biera  edt  tl  .beiwooo  ,6s ton  svode  «yab  Xaraioa 
eut  .rscatlBipoo  lot  baax/  r--d  b  >iieq  exit  to  affix'  8  led  to  ait  lot  enii;.r  exit 
o  tt  yd  betcoibii  sb  t9Vitiaoq  ed  ot  nose  ed  XXlw  boiieq  sidt  lot  eOftaJUd 
twqtixo  beaBeioixi  sdt  tadt  awoda  oaXa  eXdB*  aidT  . aiaedtaeiaq  ai  aeitfeftt 

JbesBtioab  a  yd  beXxteqpioooB  aaw  boiiaq  qeiaa  edt  to  seoet  exit  ni  aeyoitixr  to 

.  e.iiiw  exit  ni  ,.roj  >itin  oastiodatai  to  txxqtro 
«3oaet  oxl t  to  dind  ait  no  tali)  qeXBa  edt  to  toette  exit  5‘xroda  0  aldaT 
93BievB  ai  easeioni  exit  t  jeoet  tai  idt  nl  .tnatnoo  eu/taiofii  edt  no 
ieq  td^iev/  e^eievB  edt  dtJtw  foeieqxtoo  tboiieq-vixi  exit  lot  yob  ieq  t  yiovx 
-<fu&  -ot  taoo  ieq  89. YS  ed  ot  neea  ai  ,a6oiieq-*iettB  brca  -ei  .  t  lot  yab 
exit  eXtfpae  yib  lie  edt  rftiW  .  > 

t::eo  ieq  9.40X  b«a  ,U  tost  due  lot  tneo  ieq  fi3.3*  <aaeX  yXtrisila  ai  eeBoio 

,H  toeidx/e  lot 

<boiieq  crslBE  e  t  sx.txui)  benaeioni  aeoet  exit  to  t.'ietnoo  e  in  t  s  i ow  er.T 

tner/ioq  S.8X  bus  fIi  toeidxxa  lot  tneo  ieq  00 . *  ttaetxe  taeis  b  ot  ton  tad 

. ;I  toe',  r;;a  net 

elcTfl  at  .xaXnBGio  nacwd  exit  tBdt  v/oda  ot  arses  a  tnernlieqxe  aidtf  and? 
irq  3JtXad  ^tXIXdXtaesXb  eaBievo  ati  tqelBa  to  xiBrutficn  edt  estXXtxr  ot 
*Btx;'./tA  ;d  x.evia  tne  ieq  89  exit  n/idt  a-ieX  ^Xt;o,iXa  \^Cno  trteiaLtteoo  t  txse 
-uiieo  b  ;ix  setoib^odiao  to  ^Xiiditaealb  /s  edt  bb  (XX)  txjB^ifl  baa 

yi  AsaiNBO  xosu  evBd  ".b.:  nBrirmn  edt  to  alayicibyd  tcifciI3  .teib  eeit-oaoX 
juyyja  eixfio  t£;it  cwoal  ai  ti  twd  4  ooirxxr;  etitaos  exit  to  bXou  otioirio 
-el:  ©,it  yd  be&axido  ton  ai  ^jRri-aaa  noxlt  bioa  yd'  besylo'ibyd  yliaBe  »ion  dam 
^  iv  rcl  . tnetxe  tBeis  yjxa  ot  eotni;  oilt 

ed  yeii  tnd  ( aaciyane  evitaa^ib  yd  bedonttB  ton  ai  xib  -  .  tB  t  ^nX'wcda 

-asrolq  taom  exit  t  tooit  yiBtnaiiiXB  odt  to  eiietoBd  exit  to  auoa  yd  boayXc  ibyd 
ed  ot  a:  eea  relBG  e.  t  to  noitBsiXitir  .laid  tnainqqxa  sidt  to  noitaaalqxo  eXdi 
txsioq  aJtdf  tud  tybod  edt  bemiot  anrit  aew  iB^a  tBdt 

.noitx-bioxtXe  leltint  aloe: 

y..  beriaixt'uxt  , qe.CBa  to  noitesiXi-xx  exit  ot  bb  aonebive  tooitbni  aid” 
be  nitnoo  ai  r  to.a:t  /latae  iilfl  exit  .-.to it  eouifliBeqqBaib  etelqnoo  ta^ila  ati 
auw  tboton  evodB  xioitqoosce  el§nie  odt  dtiw  ,doidw  tsonBXM  neaoitixt  9dt  yd 
eCdiaeoq  bb  yCiBsn  ae  betBinoIno  sbv;  tsib  edt  to  eirXsv  Xoxxt  edT  .e*/itiaoq 
•  •;.  aeiiolBO  to  ladn ua  edt  to  cxoitox/bei  edt  bits  t  tnenreiiupei  yXibod  edt  ot 
M.vie i  ot  batoeqxo  od  blirow  Jiwfiibdtiv/  Booiqat  edt  ^  betnee eiqen  tixnomfl  exit 
ton  nottoubei  ald“  bad  ..xoyoitin  yix  iitr  to  txxqtxxo  exit  ni  eaBenoni  r.o  ni 
be"  yianilt  -  t  yd  lot  botBeneqaoo  need 

dtiw  3ael  yXdBioeiqqB  ai  ,ytia  j  baetv  .  ..elea  e 

dSWoxlT  .gnibooeiq  tun(;  ayeb  odt  no  ruuit  boiieq  aidt  'cjniixxb  atoo '..irrs  ritod 
edt  ni  eai'eioni  rtn  yj  beinfiyaoooB  si  .aesoitin  yiBnitw  ti  noitowbei  uixit 
basiXorfBtau  edt  ed  ot  noee  olxxow  ti  ,Jboii  .  ;eXBB  edt  itixt  Xx 

to  noiietiio  edt  bsiebia.ioo  ed  ot  ai  t.-xdt  antin'  edt  ni  beteioxe  noyoitin 
:  lailodBteU  .ietoiHtt  viiastfoaib  ni  tvX)  .mxjXXcOo!,: 

l  '...  to  tnuoaifl  edt  viiworia”  :ayee  filBqaH  bu* 
-  .o  bec.f>u  od  binodt  aeol  aixone^obna  ent  ..xiuBlqei  lot  qxjIbv  ati  ^xt'  loanoo 
.  x  y;x.e  ti  ,oaeeioni  o  t  no  .  .aiv  ,  eniix;  oat  ni  bevieado  aesnedo  no  yXaait 
i .; neewted  oitBi  exit  ni  ouiwno  edt  bj-xe  < xxegoitj 


oreatinine  and  the  total  nitrogen?  Judged  by  this  standard,  the  reduction 
in  ur inary  nitrogen  during  the  salep  period  apparently  indicates  that  salep 
was  more  effective  in  preventing  the  use  of  body  protein  than  was  tapioca. 

As  stated  above ,  the  salep  diet  caused  a  rcuoh  greater  increase  in 
the  bulk  of  the  feoes  than  can  be  aooounted  for  by  the  excreted  carbohy¬ 
drate  alone,  and,  accompanying  this,  an  increase  in  the  fecal  nitrogen. 
Mendel  and  Fine  (2),  following  their  studies  on  the  utilization  of  vegeta¬ 
ble  proteins  (wheat,  barley,  oorn,  legumes,  and  cotton  seed)  and  of  the 
proteins  of  extraotive-free  meat  powder,  discuss  the  influence  of  indigest¬ 
ible  material  on  the  fecal  nitrogen.  From  the  results  of  the  wofck  of 
Rieder  (6),  Tsuboi  (7),  Muller  (4),  Fritz  Voit  (8),  and  Mosenthal  (3), 
Mendel  and  Fine  oonsider  that  the  feces  resulting  from  a  thoroughly  diges¬ 
tible  diet,  such  as  meat,  are  almost  solely  of  metabolic  origin.  From 
their  own  experiments  they  find  that  the  addition  of  non- irritating,  non- 
nitrogenous,  indigestible  material  increases  to  a  considerable  extent  the 
total  output  of  fecal  nitrogen,  though  the  nitrogen  intake  does  not  vary. 
From  these  results,  it  was  to  be  expeoted  that  if  the  salep  were  not  digest¬ 
ed,  it  would  inoreaae  the  output  of  fecal  nitrogen,  and  if  it  were  as  well 
digested  as  the  tapiooa,  it  would  not  affeot  the  fecal  nitrogen.  However, 
although  the  salep  was  almost  as  well  digested  as  the  tapiooa,  there  is 
still  a  marked  increase  in  the  amount  of  nitrogen  excreted  in  the  feces. 
This  increase  in  the  fecal  nitrogen,  together  with  the  reduoed  output  of 
nitrogen  in  the  urine,  probably  means  that  while  salep  is  well  utilized  bye 
the  body,  it  is  also  a  stimulant  to  intestinal  activity,  a  wfeces-formlng 
food1/  as  Prausnitz  calls  suoh  substances,  and  that  the  increased,  nitrogen 
in  the  feoes  represents  the  residues  of  more  abundant  intestinal  seoretions. 


CONCLUSIONS 

1.  This  experiment  confirms  the  earlier  experiments  as  to  the  digest¬ 
ibility  of  salep.  Considering  the  much  larger  amount  ingested, the  average 
digestibility  of  96.4  per  oent  here  obtained,  almost  as  high  as  the  digest¬ 
ibility  of  practically  pure  staroh,  oompares  favorably  with  the  100  per  ceit 
obtained  by  Swartz  on  smaller  amounts. 

2.  The  substitution,  during  three  days,  of  an  amount  of  salep  equiv¬ 
alent  to  20.4  grams  of  dextrose  per  day,  for  tapiooa  equivalent  to  22.5 
grams  of  dextrose  per  day,  caused  no  increase  in  urinary  nitrogen  due  to 
lowered  fual  value  of  the  diet,  but,  on  the  contrary,  caused  an  appreciable 
deoreaee  in  the  urinary  nitrogen. 

3.  The  ingestion  of  salep  causes  a  noticeable  increase  in  the  bulk 
of  the  feces,  which,  in  oertain  pathologioal  conditions  as  constipation, 
might  be  of  great  advantage. 

Other  interesting  lines  of  investigation  suggested  by  these  results 
are:  the  availability  of  salep  as  a  food  in  oases  of  diabetes,  the  role  of 
intestinal  bacteria  in  the  utilization  of  food,  and  the  effect  of  salep  on 
the  creatine  putput  in  the  urine. 

Such  an  investigation  as  this  is  of  the  greatest  value  to  the  persai 
preparing  to  teach  college  work  in  nutrition  and  dietetics.  The  subject 
matter  in  this  field  is  being  continually  affeoted  by  investigations  of 
this  type,  and  experience  is  needed  to  give  oriteria  by  whioh  suoh  contri¬ 
butions  are  to  be  judged.  An  adequate  appreciation  of  the  difficulties 
of  suoh  work,  and  of  the  many  possibilities  of  error  that  must  be  guarded 
against  if  results  of  value  are  to  be  obtained,  can  only  be  aoquired  by 
first-hand  experience. 
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